Three experiments were conducted to determine the effects of feeder adjustment and diet form on growth performance of nursery (Exp. 1 and 2) and finishing (Exp. 3) pigs. Treatments were arranged as a 2 × 3 factorial with the main effects of feeder adjustment and diet form. The 2 feeder adjustments were a narrow and wide feeder adjustment (minimum gap opening of 1.27 and 2.54 cm, respectively). The 3 diet forms were meal, poor-quality pellets (70% pellets and 30% fines for Exp. 1 and 2 and 50% pellets and 50% fines for Exp. 3), and screened pellets with minimal fines (3 to 10%). In Exp.
INTRODUCTION
The importance of minimizing feed wastage has increased interest in feeder adjustment and the ideal feeder pan coverage. In finishing pigs, Myers et al. (2012) reported that wide feeder gap adjustments decreased G:F, a result that was attributed to increased feed wastage. They recommended decreased percentage pan coverage as BW range increased for optimal growth performance.
Effects of diet form and feeder adjustment on growth performance of nursery and finishing pigs 1
Despite improvements in G:F with narrow feeder adjustments, providing too little pan coverage restricts access to feed and reduces the weight gain of pigs (Smith et al., 2004; Duttlinger et al., 2009) . Feeder gap management research has been conducted using meal or crumbled diets and has not provided guidance for feeding pelleted diets.
The growth performance benefits of feeding pelleted diets to swine have been known for decades (Baird, 1973) . Wondra et al. (1995) reported a 4 to 6% increase in ADG and 7% improvement in G:F when pelleted diets were fed to finishing pigs compared with meal diets. The quality of the pellets has been shown to be an important aspect of the overall response. Stark et al. (1993) observed that the feed efficiency benefit from pellets is related to the percentages of fines in the diets. Compared with meal diets, feeding screened pellets with minimal fines to nursery pigs provided an 11% improvement in G:F, which was greater than the 8% improvement when feeding pellets with 25% fines. They also observed that finishing pig feed efficiency linearly worsened as percentage fines increased in the diet.
Although feeder gap adjustment and pellet quality have been researched independently, no research has been conducted to investigate their relationship. We hypothesized that diets containing a high level of fines may require a narrower feeder gap adjustment to decrease wastage. Therefore, 3 experiments were conducted to determine the effects of feeder adjustment and diet form (meal vs. poor-quality or high-quality pellets) on growth performance of nursery and finishing pigs.
MATERIALS AND METHODS
All experimental procedures and animal care were approved by the Kansas State University Institutional Animal Care and Use Committee (Manhattan, KS).
Animals and Housing
In Exp. 1, 210 nursery pigs (327 × 1,050; PIC, Hendersonville, TN; initially 11.9 kg BW) were used in a 21-d trial with 7 pigs per pen and 5 pens per treatment. The experiment was conducted in the nursery facility at the Kansas State University Swine Teaching and Research Center in Manhattan, KS. All pens (1.52 by 1.83 m) were equipped with a nipple waterer, wire-mesh floors, and a 3-hole, dry self-feeder (Smidley Mfg., Inc., Britt, IA). Each feeder hole was 13.6 cm in length with a 14.0-cm horizontal depth (measured from the front lip to the back of the pan) and a 6.4-cm vertical depth (measured from the bottom of the pan to the height of the feeder lip). Diets were manufactured and delivered in 22.7-kg bags. Feed was weighed and hand-added to each pen as needed to provide ad libitum access.
In Exp. 2, a total of 1,005 nursery pigs (TR4 × Fast Genetics [Saskatoon, SK] × PIC L02; initially 14.1 kg BW) were used in a 28-d trial, with 26 to 28 pigs per pen and 6 pens per treatment. The trial was conducted at New Fashion Pork's Nursery Research Facility in Buffalo Center, IA. All pens (1.83 by 3.96 m) contained a nipple waterer and a 5-hole dry self-feeder. Each feeder hole was 15.2 cm in length with a 12.7-cm horizontal depth (measured from the front lip to the back of the pan) and 7.6-cm vertical depth (measured from the bottom of the pan to the height of the feeder lip). Diets were delivered in bulk, and feed was weighed and hand-added to each pen as needed to provide ad libitum access.
In Exp. 3, 252 finishing pigs (327 × 1,050; PIC; 56.8 kg BW) were used in a 69-d trial. There were 5 pens per treatment with 7 pigs and 1 replicate with 6 pigs per pen. The trial was conducted in the finishing pig facility at the Kansas State University Swine Teaching and Research Center in Manhattan, KS. The facility was a totally enclosed, environmentally regulated, mechanically ventilated barn containing 36 pens (2.44 by 3.05 m). The pens had adjustable gates facing the alleyway and allowed 0.93 m 2 /pig. Each pen was equipped with a cup waterer and a single-sided, dry self-feeder (Farmweld, Teutopolis, IL) with 2 eating spaces located in the fence line. Each feeder hole was 35.6 cm in length with a 27.9-cm horizontal depth (measured from the front lip to the back of the pan) and a 12.7-cm vertical depth (measured from the bottom of the pan to the height of the feeder lip). Pens were located over a completely slatted concrete floor with a 1.20-m pit underneath for manure storage. Similar to Exp. 2, diets were delivered in bulk and fed through bulk bins using a computerized feeding system (FeedPro; Feedlogic Corp., Willmar, MN) that delivered and recorded diets as specified.
All pigs were provided with ad libitum access to feed and water. Pigs and feeders were weighed weekly for Exp. 1 and 2 and approximately every 2 wk for Exp. 3 to calculate ADG, ADFI, and G:F.
Treatments and Diet Manufacturing
Similar treatments and procedures were used in all experiments. Pens were randomly allotted to 1 of 6 experimental treatments in a completely randomized design. Treatments were arranged in a 2 × 3 factorial with the main effects of feeder adjustment and diet form. The 2 feeder adjustment treatments consisted of a narrow adjustment (minimum gap opening of 1.27 cm) and a wide adjustment (minimum gap opening of 2.54 cm). The feeders were adjusted to the minimum gap setting, but the agitation plate (feeder gate) could be moved upward to a maximum gap opening of 1.91 or 3.18 cm, respectively. These settings remained fixed throughout each experiment. The 3 diet form treatments consisted of meal, poor-quality pellets, and screened pellets with minimal fines (3 to 10%). In the nursery trials (Exp. 1 and 2), the poor-quality pellets consisted of approximately 70% pellets and 30% fines. For the finishing trial (Exp. 3), the poor-quality pellets consisted of approximately 50% pellets and 50% fines.
For all 3 experiments, the exact same ingredients and particle size were used for all diets with a target particle size for the corn of 500 to 600 μm. Thus, particle size was the same for meal and pelleted diets within each experiment. Diets for Exp. 1 were prepared and pelleted at the K-State Grain Sciences and Industry Feed Mill in Manhattan, KS. Pelleted diets were manufactured using a 30 hp California Pellet Mill (Crawfordsville, IN) 1000 series Master HD model pellet mill. The pellet mill was equipped with a 31.75-mm-thick die with 3.97-mm hole diameters. Before pelleting, feed was conditioned with steam at approximately 79.5°C. Diets for Exp. 2 and 3 were manufactured at Hubbard Feeds in Mankato, MN, and Atlantic, IA, respectively. In accordance with the capabilities of each feed mill, the desired level of fines in the poor-quality pellets were created by 2 different methods. For Exp. 1, pellets were manufactured and screened to remove and collect fines. After the screened pelleted diet was bagged, the fines were added back to the remaining pellets. The mixture of pellets and fines was then added to the mixer, and additional fines were created in the mixer by mechanical breakdown. For Exp. 2 and 3, the pellets were passed through a roller mill, rather than the mixer, to create the additional fines. To ensure the desired level of fines was achieved, feed samples were taken at the feeder during each experiment. The percentages of fines (ASAE, 1987) were measured for all pelleted diets, with fines characterized as material that would pass through a number 6 sieve (3,360-μm openings). All pellet quality measurements were analyzed at the O. H. Kruse Feed Technology Innovation Center (Manhattan, KS).
Dietary ingredients were similar among all experiments, and diets were formulated to contain identical ingredient compositions within each experiment (NRC, 2012; Table 1 ). In Exp. 1 and 2, diets were fed in 1 phase and were corn-soybean meal-based with 20% distiller's dried grains with solubles (DDGS). Diets for Exp. 3 were corn-soybean meal-based and fed in 3 phases with decreasing nutrient concentrations in each phase. Phases 1 and 2 contained 20% DDGS, and phase 3 contained 10% DDGS.
Feeder Pan Coverage Scoring
For Exp. 1 and 2, a digital photo of each feeder pan was taken on the last day (d 21 and 28, respectively) of each trial before weighing the pigs and feeders. For Exp. 3, photos were taken at the conclusion of phases 1, 2, and 3 (d 22, 48, and 69, respectively) . Each feeder pan picture was then scored by 5 evaluators for percentage of pan coverage, and all scores were used to calculate the mean pan coverage for each feeder.
Statistical Analysis
Experimental data for both trials were analyzed using ANOVA as a 2 × 3 factorial using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Pen was the experimental unit for all data analysis. Data analysis for all trials included the main effects of 2 feeder adjustments, 3 diet forms, and their interaction as fixed effects. For the pan scores and growth data in Exp. 3, a repeated ANOVA by phase was performed. When a significant difference was found between diet forms, differences between treatments were determined using the PDIFF statement in SAS. Significant differences were declared at P < 0.05 and trends at P < 0.10.
RESULTS

Experiment 1
Determination of the percentage of fines revealed that the poor-quality pellets contained 67% pellets and 33% fines whereas the screened pelleted diet contained 97% pellets and 3% fines (Table 2) .
No feeder gap adjustment × diet form interactions were observed for pig performance or pan scores and, thus, main effects are presented (Table 3) . Overall (d 0 to 21), no differences were observed in ADG, ADFI, or G:F between pigs fed from feeders with the different adjustment settings. Feeders with the wider feeder gap setting had increased pan coverage (P < 0.001). Pigs fed the meal diet had increased (P < 0.05) ADG and ADFI compared with pigs fed the poor-quality or screened pelleted diets. Pigs fed screened pellets had improved (P < 0.05) G:F compared with pigs fed meal or poor-quality pellets.
Experiment 2
The poor-quality pellets contained 63% pellets and 37% fines whereas the screened pelleted diet contained 95% pellets and 5% fines.
No feeder gap adjustment × diet form interactions were observed for pig performance or pan coverage scores (Table 4) . Overall (d 0 to 28), pigs fed from feeders with the wide feeder adjustment had increased (P < 0.05) ADG and ADFI, but feed efficiency did not differ among pigs fed from the different feeder gap adjustments. Feeders with the wider feeder gap setting had increased pan coverage (P < 0.001). Pigs fed screened pellets or poor-quality pellets had increased (P < 0.05) ADG compared with pigs fed the meal diet. No difference in ADFI was observed among pigs fed different diet forms. Similar to Exp. 1, pigs fed screened pellets had improved (P < 0.05) G:F compared with pigs fed meal or poor-quality pellets.
Experiment 3
In phase 1 (d 0 to 22), the poor-quality pellets that were intended to contain 50% pellets and 50% fines actually contained 56% pellets and 44% fines. The screened pelleted diet was 92% pellets and 8% fines. No feeder adjustment × diet form interactions were observed during any of the dietary phases or for the overall study (Table 5) . A feeder adjustment × diet form × phase interaction was not observed for pan coverage score. However, feeder adjustment × phase and diet form × phase interactions (P < 0.05) were observed.
During phase 1, ADG did not differ among pigs fed from feeders with the different adjustment settings. Pigs fed from feeders with the wide adjustment tended to have increased (P < 0.10) ADFI, which resulted in poorer (P < 0.05) G:F than that in pigs fed from feeders with the narrow adjustment. Feeders with the wider feeder gap setting had increased pan coverage (P < 0.001).
For diet form, ADG did not differ among treatments. Pigs fed the meal diet had increased (P < 0.05) ADFI compared with pigs fed the poor-quality or screened pellets. Diet form decreased G:F during phase 1, with pigs fed the meal diet having poorer (P < 0.05) G:F than pigs fed screened pellets; G:F in those fed poor-quality pellets was intermediate. Feeders with screened pellets had lower (P < 0.05) pan coverage compared to feeders with unscreened pellets but higher (P < 0.05) coverage than feeders with meal diets.
During phase 2 (d 22 to 48), the poor-quality pelleted diet contained 48% pellets and 52% fines, whereas the screened pelleted diet contained 92% pellets and 8% fines. Average daily gain did not differ among pigs fed from feeders with the different adjustment settings. Pigs fed from feeders with the wide adjustment had increased (P < 0.05) ADFI and decreased (P < 0.05) G:F compared with pigs fed from feeders with the narrow adjustment. Feeders with the wider feeder gap setting had increased pan coverage (P < 0.001).
For diet form, the pigs fed poor-quality pellets unexpectedly tended to have increased (P < 0.10) ADG compared with pigs fed either of the other 2 diet form treatments. Pigs fed the meal or poor-quality pelleted diets had increased (P < 0.05) ADFI compared with pigs fed the screened pellets. The response to diet form on feed efficiency was identical to phase 1, in which pigs fed the screened pellets had the best (P < 0.05) G:F, pigs fed the meal diet had the poorest G:F, and pigs fed poor-quality pellets had intermediate G:F. Feeders with screened pellets had lower (P < 0.05) pan coverage compared to feeders with unscreened pellets but higher (P < 0.05) coverage than feeders with meal diets.
The phase 3 poor-quality pellets contained 45% pellets and 55% fines whereas the screened pelleted diet was 90% pellets and 10% fines. There was no difference in ADG, ADFI, or G:F between pigs fed from feeders with the different adjustment settings during the final phase, although the numerical trends for ADFI and G:F were similar to previous phases. Although the magnitude of difference was lower, similar to other phases, feeders with the wider feeder gap setting had increased pan coverage (P < 0.001).
For diet form, pigs fed the meal diet had decreased (P < 0.05) ADG compared with pigs fed either of the pelleted diets, and pigs fed the high-quality pellets diet had decreased (P < 0.05) ADFI compared with pigs fed the meal or poor-quality pellets. Similar to the previous 2 periods, pigs fed the screened, high-quality pel- 1 Feed samples were taken at the feeder for all trials. For Exp. 1 and 2, samples were pooled throughout the entire trial. For Exp. 3, samples were taken and pooled within each phase. All samples were run in duplicate for percentage fines determination.
2 Fines were characterized as material that would pass through a number 6 sieve (3,360-μm openings).
lets had the best (P < 0.05) G:F, pigs fed the meal diet had the poorest G:F, and pigs fed poor-quality pellets had intermediate G:F. For pan coverage score, feeders with the unscreened pellets had higher (P = 0.02) pan coverage compared with feeders with meal diets while feeders with screened pellets were intermediate.
Overall (d 0 to 69), feeder adjustment had no effect on ADG. Responses from phases 1 and 2 carried over into the overall data, resulting in decreased (P < 0.05) ADFI and improved (P < 0.05) G:F in pigs fed from the narrow-adjusted feeders. Pigs fed meal diets had decreased (P < 0.05) ADG compared with pigs fed the a-c Within a row, means for diet form without a common superscript significantly differ (P < 0.05).. 1 A total of 246 finishing pigs (PIC 327 × 1,050) were used. There were 5 pens per treatment with 7 pigs and 1 replicate with 6 pigs per pen. For the main effect of feeder adjustment, there were 15 pens per treatment with 7 pigs and 3 replicates with 6 pigs per pen. For the main effect of diet form, there were 10 pens per treatment with 7 pigs and 2 replicates with 6 pigs per pen. screened pelleted diets, and pigs fed poor-quality pellets had intermediate ADG. Feeding screened pellets resulted in decreased (P < 0.05) ADFI compared with pigs fed poor-quality pellets or meal diets. Consistent with all 3 phases, pigs fed screened pellets had improved (P < 0.05) G:F compared with pigs fed the meal diet, and those fed poor-quality pellets had intermediate G:F.
DISCUSSION
Contrary to our expectations, we observed no feeder adjustment × diet form interactions in any of the experiments. We expected that a narrow feeder adjustment would be more beneficial for feeders with poor-quality pellets by providing better management of the fines. As evidenced by the photographs used to determine feeder pan coverage, feeders containing poor-quality pellets had a large buildup of fines in the edges of the pans. Despite our hypothesis, we found that the responses to feeder adjustment and diet form were independent. Other studies have observed that the response to pelleting varies among trials. Hedemann et al. (2005) found that no differences were observed in ADG or ADFI when feeding meal or pelleted diets to growing pigs. Conversely, Wondra et al. (1995) reported that feeding pelleted diets resulted in a 4 to 6% improvement in ADG compared with feeding meal. Myers et al. (2013) also observed discrepancies in growth performance response to diet form and attributed the differences to pellet quality. The authors concluded that feeding high-quality pellets improved growth performance compared with meal, but when pellet quality was poor, pelleting conferred no benefits in feed efficiency.
Despite variation in ADG and ADFI, our experiments agree that the greatest improvements in feed efficiency were observed from pigs fed screened pellets with minimal fines. Stark et al. (1993) found that feeding screened pellets to nursery pigs provided an 11% improvement in feed efficiency compared with feeding meal, whereas feeding pellets with 25% fines provided an 8% improvement. We observed that feeding screened pellets improved G:F by approximately 5% in Exp. 1 and 2. For Exp. 3, pigs fed the meal diet had the poorest G:F, pigs fed screened pellets had the best G:F, and pigs fed poor-quality pellets had intermediate G:F. Feeding the poor-quality pelleted diet provided approximately 6% improvement in G:F compared with feeding the meal diet. Wondra et al. (1995) and De Jong et al. (2013) reported similar improvements of 7 and 6%, respectively, when finishing pigs were fed pelleted diets compared with meal diets. In Exp. 3, however, finishing pigs fed screened pellets had a much greater improvement (14%) in G:F compared with pigs fed meal.
The poor-quality pelleted diet contained approximately 50% pellets and 50% fines, but when the photographs of feeders with poor-quality pellets were evaluated, fines in the pan appeared to be much greater than 50%. We believe that pigs sorted through the feed with a preference for the pelleted portion rather than the fines, leading to the visual increase in fines in the feeder relative to pellets. This may have led to increased wastage of fines, contributing to poorer feed efficiency compared with feeding screened pellets with minimal fines. Furthermore, data from Jensen and Becker (1965) supports the theory that the improvement in feed efficiency from pelleting is highly related to providing the diet in a pelleted physical form and not necessarily from processes occurring during pellet manufacturing. In a series of 3 experiments, the authors reported that pigs fed diets in pelleted form averaged an 8% improvement in G:F compared with pigs fed diets that were pelleted, reground, and then fed in meal form. Data from Ball et al. (2015) further supports the hypothesis that the greatest improvement in feed efficiency from pelleting is from reduced wastage. These researchers found improvements in energy digestibility in pigs fed pelleted diets, but the effect was small and accounted for only a small portion of the G:F improvement. The combination of data confirms previous research from Stark et al. (1993) that feeding pelleted diets improves feed efficiency, but the magnitude of improvement was greatest when the percentage of fines in the diet was minimized. Although the magnitude of response may vary, our 3 experiments agree that the percentage of fines in the diets must be minimized to obtain maximum benefits to feed efficiency from pelleting.
The composition of fines can also differ from the composition of intact pellets, especially if fat is sprayed on the pellets at the die (DeJong et al., 2015) . Because of the method by which diets were manufactured and fines were generated, this phenomenon would not be applicable in this study. Fat was not sprayed on at the die in any of the experiments. In Exp. 1, some fines were generated through the normal deterioration of pellets; however, in Exp. 2 and 3, pellets were ground to create fines. Thus, fines and pellets would have the same composition. Smith et al. (2004) reported that during a 42-d nursery experiment, feeding pigs from a wide feeder adjustment resulted in increased BW gain at the conclusion of the trial, but differences in ADG occurred only in the last 21 d of their trial. The varying response between the current experiments may be related to experiment duration or differences in university (Exp. 1) vs. field (Exp. 2) research conditions. The feeders in the university setting allowed for approximately 2.33 pigs per feeder hole, whereas feeders in the commercial setting allowed for 5 pigs per feeder hole. In addition, the length of the feeder pans allowed for 5.81 and 3.05 cm of eating space per pig in the university and commercial settings, respectively. Therefore, there was more competition for eating space in the commercial pens. This increase in competition may have been mitigated by the increased feeder pan coverage from the wide-adjusted feeders. Feeding pigs from a wide feeder adjustment most likely made feed more accessible and allowed pigs to spend less time at the feeder, thus, contributing to the increased ADG and ADFI observed in the commercial setting. Both experiments agree that feeder adjustment did not significantly influence feed efficiency. This is in agreement with Smith et al. (2004) , who found no differences in G:F when nursery pigs were fed from feeders with pan coverage from 6 to 93%. The combined results suggest that feeding nursery pigs from a wide feeder gap may provide benefits in ADG and ADFI with no negative effects on feed efficiency. These results were unexpected because the feeder pan was almost completely covered with the wide feeder adjustment and feed wastage was expected. We recognize that different feeder designs may influence this response; however, with the feeders used in the current experiment and by Smith et al. (2004) , excessive feed in the pan did not appear to result in additional feed wastage.
Data from the present study of finishing pigs showed that feeder adjustment did not influence gain. Conversely, Myers et al. (2012) reported that from 41 to 68 kg BW, providing 28% pan coverage limited access to feed and decreased ADG compared with pigs fed from feeders with 58 or 75% pan coverage. Similarly, Duttlinger et al. (2009) found that 24% pan coverage restricted feed intake and limited the growth of finishing pigs. The lack of ADG response in the current trial may be owing to relatively high feeder pan coverage on the narrow feeder adjustment, which averaged a minimum of 41% during phase 1. At the same feeder setting, feeder pan coverage scores increased over time for the narrow feeder setting. Increasing pan coverage further with the wide adjustment appears to have increased feed wastage and, thus, resulted in poor feed efficiency during phase 1, 2, and for the overall trial. Thus, monitoring the feeder gap opening to properly manage feeder pan coverage appears to be able to help minimize feed wastage and improve feed efficiency in finishing pigs. This result is in agreement with Myers et al. (2012) , who suggested that a decreased feeder gap opening should be used to feed heavier pigs.
In summary, in this study and with the type of feeders used, no feeder adjustment × diet form interactions were detected. Results from Exp. 1 and 2 suggest that feeding nursery pigs from a wide feeder gap may provide benefits in ADG and ADFI when feeder space allowance is reduced; however, feeder adjustment appeared to have little influence on feed wastage for nursery pigs. In contrast, reducing feeder gap width led to less feeder pan coverage for finishing pigs and allowed for decreased feed wastage and improved feed efficiency, with no effect on ADG. In all experiments, feeding pelleted diets improved G:F, but the improvement was greatest when the percentage of fines was minimized.
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